Introduction
Last year the North America's International Auto Show (NAIAS) in Detroit had a so-called 'electric avenue', showcasing only electric powered vehicles.
1 Similarly, the 2009 Frankfurt auto show also showcased a number of electric cars. 2 These are but two of the many signs that the electric car is on its way to becoming a viable alternative to gasoline powered vehicles. In recent months, General Motors has launched its Chevrolet Volt, while Nissan brought the Nissan Leaf on the market, the first being a hybrid vehicle and the latter a fully electrically charged car. The market share of electric and hybrid vehicles is expected to increase rapidly over the next years, reaching between 12% and 45%. 3 The key to the potential of the electric car is the development of the battery. The battery that is most useable for grid powered vehicles is based on the lithium ion technology. According to the Boston Consulting Group, 'The most prominent technologies for automotive applications are lithium-nickel-cobalt-aluminium (NCA), lithium-nickel-manganesecobalt (LMO), lithium titanate (LTO), and lithium-iron phosphate (LFP)'. It is expected that these technologies will create a surge in demand for the needed raw materials, most notably for lithium 4 .
Additionally, such a rapid increase in demand for electric cars will also create a surge in electric battery production, for example in countries such as China that already produce a large share of the world's batteries.
One of the main driving forces for these developments, in addition to the volatility of oil prices, is the increasing concern regarding climate change and CO2 emissions. Most of the discussions around the electric car point out the benefits of lower CO2 emissions, making it a sustainable alternative to gasoline fuelled cars. While the benefits of reduced CO2 emissions through increasing the use of electric cars are well documented, such discussions do not take into account the potential social and environmental costs throughout the supply chain. Not much is said about the conditions under which minerals such as lithium, cobalt, phosphate or rare earth metals are extracted, nor are the working conditions at production facilities included in the equation. This report aims to provide more insight into the complete picture of the social and environmental costs and benefits of this new technology, to broaden public discussions and to allow for more informed opinion making. SOMO believes that the contribution electric cars may make to sustainability can only truly be assessed when the full impact throughout the supply chain is considered.
This report aims to provide an initial overview of the supply chain of electric car batteries, and to answer the following research question: What effect does the growing demand for electric vehicles have on the social and environmental conditions throughout the electric car battery supply chain?
This report will combine various methodologies to be able to create an overall picture the electric car battery supply chain, and is targeted towards companies, public servants, opinion makers and the general public interested in the electric car.
The first chapter maps the entire supply chain, by analysing the extractive, production and consumption phase. Supply chain mapping usually starts with the analysis of general market and trade data for each of the phases, for example through market reports, import and export figures and news reports. For the extractive phase, this includes an analysis of the geographical distribution of the reserves for the resources looked at, while for the other phases it is more relevant to look at market shares. This information is subsequently complemented by an identification of the largest corporate players for each of the phases, for example the relevant mining or battery production companies. Where possible, the next step in the mapping of the supply chain includes the tracing of the origin of the end product (who are the suppliers?), as well as the tracking of the raw materials (who are the buyers?), with the goal of connecting the two ends of the supply chain.
The next two chapters discuss two case studies that look at the social and environmental conditions within the supply chain. The first case study deals with the impacts of the growing demand for lithium on Bolivia, which holds the largest reserves in the world. For this chapter, SOMO has conducted a desk study into the international and Bolivian media reports of the most relevant issues related to lithium. A particular focus is given to Bolivian sources, as it was hypothesised that their perspective might differ from large international media outlets. A number of interviews were conducted with independent experts to complement the data gathered through the desk study.
The second case study deals with the labour and health conditions at several facilities of a large battery manufacturer in China. For this case study, field research was conducted that included a range of interviews with workers at these facilities. These interviews were conducted by the Hong Kong based organisation Globalization Monitor, and took place between April and June 2010. The chapter is complemented by a short profile of the company in question, Build Your Dreams (BYD). A draft version of this report was sent to BYD for factual review, but BYD did not respond to this request and did not provide input.
The final chapter draws a number of conclusions on the ongoing dynamics of the electric car battery supply chain and the relevant sustainability issues, on the basis of the information in the preceding chapters.
There are a number of limitations to this study that need to be considered. First of all, while the case studies provide valuable information on the conditions in the supply chain, one should be cautious to draw generalising conclusions on the basis of this information. Secondly, the electric car is still very much in development, and large scale production has started only recently and for just a few brands. This means that the supply chain is still very much in development, and might grow in unexpected ways. The fact that the supply chain is still not fully matured means that a number of points made in this research might be speculative.
Mapping the electric car battery supply chain
This chapter aims to provide a general overview of the supply chain of the electric car battery, through mapping and describing the different phases.
Several general phases can be identified in the electric car battery supply chain, similar to any consumer product; first of all, the electric car battery is manufactured using a number of raw materials that need to be mined or sourced otherwise. Next, these raw materials are used to manufacture battery cells, which in turn form the building blocks of the electric car battery. This battery is then assembled into the electric vehicle. After the production phase, the car is purchased by the end consumer, whose demand is a large determinant for the rest of the supply chain. After end of use, the car will enter the waste phase, after which it is disposed of in various ways. grease and mood-stabilising drugs. 6 However, since 2003, the surge of demand for handheld electronic devices has caused a surge for lithium, as it is the main ingredient for rechargeable batteries. Lithium is a silver-white mineral that has electrochemical qualities making it very useful as anodes in batteries. It is also the lightest mineral on earth (LI has atomic number 3) making it attractive for batteries in portable products, such as laptops and mobile phones. The weight is also a factor for lithium as the basis of the electric car battery. As an electric car battery requires approximately 100 times as much lithium carbonate as a laptop, current developments are expected to have major effects on the global demand for this raw material.
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It is estimated that the world holds approximately 25 million tonnes of lithium reserves. These reserves are mostly located in Bolivia (9 million tonnes), Chile (7.5 million tonnes), Argentina, China and the United States (2.5 million tonnes each). 8 It was recently announced that Afghanistan also holds significant quantities of lithium.
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Chile has been the largest producer of lithium, while Argentina, China and the United States have also been major producers. Most of the lithium mining is a relatively low-labour process, involving the evaporation of lithium holding brines. This is done by drilling holes into salt flats, such as the one in the border area between Chile and Argentina, and pumping the brine to evaporation ponds. The lithium that remains after the water is evaporated is then processed to produce commercially useable lithium. The different types of Li-ion batteries, as described in the section below, also require a number of various other elements in addition to lithium. These include nickel, cobalt, manganese and phosphate. Most of the world's nickel is produced in Russia, Indonesia, Canada and Australia.
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Australia also holds the largest known reserves. By far the largest producer of cobalt is the Democratic Republic of the Congo, while Australia, Russia and China also have significant production. 14 DRC also has the largest known reserves. Manganese is spread throughout the world in diverse ways, with the largest current producers being China, Australia and South Africa while the largest known reserves are in Ukraine. 15 Finally, phosphate, a material also used for fertilisers, is mostly produced in the United States, Morocco and Western Sahara and China.
food 16 Largest known reserves are found in the Western Sahara.
Production phase
The raw materials are used to produce Li-ion battery cells. These cells define the quality of the battery itself, including its safety, performance, lifespan and other qualities. A Li-ion cell consists of an anode and a cathode, or the positive and negative end of a battery. The range of Li-ion batteries differ from one another, based on the material used for the cathode. The most prominent types of Li-ion battery cells have cathodes that consist of lithium-nickel-cobalt-aluminium (NCA); lithiumnickel-manganese-cobalt (NMC); lithium-manganese-spinel (LMO); lithium titanate (LTO); or lithium-iron phosphate (LFP).
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There are several players active in the field of battery production, which seems to be dominated by Asian companies, while there are also some American players. Some of these companies, such as LG Chem and A123, focus specifically on the production of batteries for electronics and cars, while others such as China-based Build Your Dreams integrate the battery production facilities in a vertically integrated business model that also includes the production of electric vehicles. 18 Finally, a number of established car manufacturers and a number of electronics companies have also been becoming active in the production of electric car batteries. These include Toyota, Samsung and NEC. 19 Table 2 gives an overview of a selection of electric and hybrid vehicles, and their battery manufacturers. Little information was found during the course of this research regarding the sourcing of lithium and other raw materials by these cell manufacturers. Therefore, the links between the lithium producers and the cell manufacturers remain difficult to establish.
General Motors has developed the Chevrolet Volt, a range extender car that will be put on the American market in December 2010. 30 The Volt has an electric range of between 25 and 50 miles goes faster than 70 miles per hour (112 km/h). 31 The Li-ion polymer battery for the Volt is produced by Compact Power, a subsidiary of Korea-based LG Chem. 32 While it is not clear where and how
LG Chem sources its lithium and other raw materials for the production of the battery cells, it has approached the Bolivian government to talk about future collaboration, indicating that the sourcing of raw materials is of strategic importance for this company.
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Similar to the Chevrolet Volt, the Nissan Leaf will be available to consumers from December 2010 on. The Leaf is an all-electric vehicle that does not have a gas fuelled engine. The car also makes use of a similar Li-ion battery, that is produced by Automotive Energy Supply, a joint venture of Nissan with NEC. 34 The battery consists of a total of 192 battery cells and contains a total of 9 pounds (4 kilograms) of lithium. 
Consumption phase
The development of the electric car has undergone various stages of development, and five general types of electric vehicles can be distinguished. 36 The mild hybrid is a regular car that includes a small electric motor that is used for start-stop systems. This motor is only used to assist the car's regular propulsion system when accelerating or braking. An example of the mild hybrid is the Mercedes Benz S400 BlueHybrid. Next is the full hybrid, of which the Toyota Prius might be the best-known example. These types of cars feature a larger electric motor as well as a large electric battery which is put to use when starting the engine, accelerating and driving at low speeds. The plug-in hybrid is an upgrade of the full hybrid car, whose battery can be charged through the electricity grid. Build Your Dreams developed the BYD F3DM model in China, which is a plug-in hybrid car. The penultimate phase in the evolutionary path of the electric car is the so-called range extender. This type is similar to the plug-in hybrids, except that the roles of the electric motor and the combustion engine are reversed. Contrary to the plug-in hybrid, the electric motor of the range extender is the main driver, and the combustion engine is only used to charge the electric battery. The end-point of the evolution of the electric car is the full electric vehicle. This model uses only electricity to drive the car, and the electricity from the grid is stored in a large battery, usually a Liion battery. The recent Nissan Leaf is an example of a full electric vehicle.
While the technological development of the electric car has evolved to the full electric stage, its market share is still in a limited early phase. In fact, most of the models are still under development, or have only been released to the broader public recently. This means that there still is a large amount of uncertainty regarding the development of the industry as a whole. However, it is clear that a large amount of attention has been directed at electric cars in the media, by politicians and consumers. In response, nearly all car makers are currently developing or producing electric models to tap into this new market.
The Boston Consulting Group has made an outlook projection for electric cars in 2020. Building on three different scenarios, BCG expects that the total market share for all types of electric vehicles will be between 12% and 45%. It is expected that 1.5 million cars will be sold annually in China, Japan, North America and Western Europe, and that most of the electric cars will be used for short trips and commutes in cities.
Market forces
There are a number of market forces that shape the supply chain of electric cars and its batteries, and that will determine the future shape of the industry. As the industry is still very much in development, there remains a certain level of uncertainty regarding how these forces will play out and what effect they will have throughout the supply chain. However, various consultancies and researchers have developed future outlooks of the electric car industry, and have included these factors in their analysis. The market forces can be categorised into three different factors; the price factor, the technology factor and the mineral availability factor. All these factors relate mostly to the battery of the electric car, which is the most expensive and technologically complex part of the vehicle and which requires specific raw materials not needed in other components.
Price factor
The future of the electric car industry will for a large part depend on the costs and prices throughout the supply chain. The relatively high cost of electric cars can be explained by the high production costs that are caused by the lack of economies of scale. The price developments that will have an effect on future electric car prices include those of the raw materials, the production costs of the battery packs, the total cost of ownership for consumers and the government subsidies provided to actors in the supply chain. The Boston Consultancy Group made a future outlook of the electric car market in 2020. 37 In their analysis, they conclude that the raw material prices, in particular the price of lithium, will have a minor effect on the cost of producing battery cells, as it only constitutes 2% of total production costs.
The current total cost for the production of electric car batteries is high, as development costs are still significant. These costs are usually calculated on a kw/h basis, and the BCG estimates that in 2009, these costs were between $1,000 and $1,200 per kw/h for an average battery pack. Looking at the recently released Nissan Leaf, these costs are already significantly lower at the end of 2010, estimated between $375 and $650 per kw/h. 38 The BCG is projecting an eventual cost of $250 per kw/h for Li-ion battery packs, as battery costs will continue to decline as production increases. It should be noted, however, that they do not expect this price to be achieved by 2020.
The labour costs for the production of the battery pack are low, as the process is not very labour intensive. Therefore, there will not be a strong urge to locate production facilities in low wage countries, as the cost benefit of doing so will only be marginal. The BCG calculated that producing the battery in the United States would only be 6% more expensive than doing so in South Korea, which in turn is only 8% more expensive than China. One of the factors that explains this, is that car batteries are heavy and difficult, and therefore expensive, to transport.
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The expected decrease in battery production costs will obviously also have a downward effect on the price that consumers pay for their vehicle. Consumer demand will for a large part be determined by the Total Cost of Ownership (TCO) of the vehicle. TCO includes not only the purchase price of the vehicle, but also the operating costs (e.g. fuel prices or maintenance costs). According to the BCG, the TCO of electric vehicles would only be at the same levels as regular cars if 1) oil prices increase to $300/barrel 40 ; 2) gasoline prices increase by 200% due to either oil prices or increased taxes; or 3) governments provide financial incentives of at least $7,500 per vehicle. The latter condition is already met by several European countries such as France and Germany who provide this amount in subsidies for the purchase of an electric car.
Technology factor
Another factor that will determine the future shape of the electric car industry is the development of technological capabilities. As described above, there is a range of different Li-ion types that use different raw materials in addition to lithium. According to the BCG, 'there is increasing interest and activity, particularly among university research laboratories, in exploring new electrochemical mechanisms that might boost the specific energy and performance of future batteries'. These developments might have an effect on the entire supply chain, as they might require other raw materials or different production processes and might have an effect on consumer demand.
Current technological developments are mostly focused on improving the performance of Li-ion batteries on a number of different dimensions, according to BCG: 1) life span (measured in terms of both number of charge-and-discharge cycles and overall battery age); 2) performance (peak power at low temperatures, state-of-charge measurement, and thermal management); 3) specific energy (how much energy the battery can store per kilogram of weight); 4) specific power (how much power the battery can store per kilogram of mass); 5) safety; and 6) costs (see above).
Of these dimensions, the safety issue seems to be most important, and could have the most effect on the supply chain. Li-ion batteries that are used in laptops and mobile phones are known to spontaneously catch fire and the scaling up of this technology to be suitable for car batteries might exacerbate this problem or create other safety and reliability issues. 41 The effects of the safety concerns on the future of electric cars are as much a matter of real safety concerns as it is of image. According to Peter Roth, a researcher at Sandia, an institute that tests the safety of batteries, 'One bad incident can spoil the public's opinion'. The BCG also points out that the effects that one battery fire could have on public opinion could set back the technological development of electric cars for years.
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Another factor that will play a part in the future of the electric car is the development of the charging infrastructure. While some consumers might have access to garages where they can charge their vehicle themselves, many others do not and would be dependent on a network of public charging stations. The development of such a network is not only dependent on public financing for charging stations, and the necessary political will to do so, but is also dependent on additional power generating facilities to meet the additional demand for electricity. A lack of an adequate charging infrastructure would severely limit the consumer demand for electric vehicles, which could alter the development of the entire supply chain.
Material availability factor
A final factor that could have an effect on the electric car sector is the availability of the raw materials needed for the production of electric car batteries. Gaines and Nelson have researched whether the growth of the electric car sector would create shortages in lithium and a range of other raw materials. 43 In their paper, Gaines and Nelson make projections on the basis of various scenarios to evaluate whether the demand for electric vehicles in the United States would have an effect on material availability. The most extreme scenario that they developed projected that 90% of all light vehicles would be electric in 2050. Next, they evaluated for a range of different types of battery packs, which differed from one another regarding the total weight of lithium needed for production, as well as what other materials are used.
The authors concluded that even in the most extreme scenario, current production levels of lithium would be sufficient to meet US demand until 2030. This does not take into account that production levels might rise in the future, which would reduce the materials pressure even more. When extrapolating the results to global demand, the authors state that 'Even when our U.S. estimates are multiplied by a factor of 4 to account for world demand, it appears that there is enough lithium available to use while we work toward an even more efficient, clean, and abundant means of supplying propulsion energy'.
The authors also look at the possible effects on the availability of nickel, cobalt, aluminium, iron, phosphorus, manganese and titanium. The only material that could create a potential constraint is cobalt, as the U.S. demand for electric cars could account for 9% demand of global production. However, the authors also point out that recycling of cobalt-containing products might partially meet this demand as well.
Overall, the authors conclude that 'In the case of materials for lithium-ion batteries, it appears that even an aggressive program of vehicles with electric drive can be supported for decades with known supplies'.
Case study: Lithium extraction in Bolivia

Introduction
The first case study in this report deals with an issue in the extractive phase of the supply chain of electric car batteries. It consists of a desk study into the political and social tensions in Bolivia that arise due to the fact that the country holds the largest reserves of lithium in the world. The desk study entails an analysis of both Bolivian and international media reports to describe the latest developments in a country that has been described as 'the Saudi Arabia of Lithium'. 44 While this comparison does not hold true for anything other than the fact that it holds a significant portion of the world's reserve of a resource that is needed for cars, it does signify the importance that this country would play when the world shifts from gas-fuelled cars to electric ones.
Figure 3: Map of Salar de Uyuni
Bolivia holds the largest lithium reserves in the world, but it has no lithium production to speak of to date. While the country does have signification natural gas production, it is still the country with the lowest per capita income in South America, and faces a great deal of poverty. 45 In addition, it faces immense wealth inequalities, with the top 10% of the population accounting for 44.1% of the total income. In theory, the expected global demand for lithium could pull Bolivia out of poverty, and could function as the motor for development. This chapter tries to describe a number of issues Bolivia faces in its attempts to become an important actor in this emerging industry. First, the geological context is described, as well as the way in which the Bolivian government aims to make use of the benefits of the lithium reserves. Next, the domestic social and political struggles between national level policies and local and regional perspectives are discussed. Finally, this chapter also looks at the international tensions that arise or are exacerbated by the presence of such immense natural riches. In particular, attention is given to the historical dispute with Chile over access to sea that could fire up as Bolivia might come to be in need of easy export routes.
Geological context
The US Geological Survey estimates that the Uyuni dessert in South-West Bolivia contains around 5.4 million tonnes of lithium, which is around one third of the total world reserves. 46 The salt flat is located on a plateau in the Andes and measures more than 10,000 square kilometres. Lithium carbonate in the Uyuni desert is situated in shallow brines that lie under a crust of salt that covers the entire surface.
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Compared to the Salar de Atacama in Chile, currently the largest lithium production facility in the world, extraction of lithium is more difficult at Salar de Uyuni. First of all, concentration levels of lithium vary greatly from place to place and extraction facilities could only be economically viable at a small tip of the Salar, where the lithium concentration is high enough. 48 At the same time, the level of evaporation is less than in the Salar de Atacama, because of the higher humidity, greater rainfall, floods from nearby lakes and lower temperatures. 49 Therefore, more evaporation ponds and other facilities are needed for production in Bolivia than in Chile. 50 Another issue that makes extraction at Salar de Uyuni more difficult is the high level of magnesium in the brines. This magnesium needs to be removed before the brines can be evaporated. 51 Finally, there is a lack of infrastructure, such as roads and railroads, which makes it more difficult to transport the lithium after it has been mined.
In addition to the Uyuni reserves, two other reserves were recently discovered, one of which is located just north of Uyuni at Salar de Coipasa. Here, the government has recently started the Case study: Lithium extraction in Bolivia 16
The Electric Car Battery construction of a $250,000 pilot. The other reserve, at Salar de Pastos Grandes, is also located in the province of Potosi.
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In October 2009, the Bolivian government announced that it would invest more than $350 million in lithium extraction facilities that would start producing in 2013. 53 The first step in this process is a $5.7 million pilot project run by the Bolivian state-owned mining company Comibol, which aims to produce an initial 40 tonnes of lithium per month starting from mid-2011. 54 This pilot project is expected to generate significant revenues once it is up and running. An estimation by the Centro de Estudios para el Desarrollo Laboral y Agrario (CEDLA) states that the pilot project would generate almost $2.9 million per year, against going prices of $6,000 per tonne of lithium.
Obviously, these projections are harder to make for the full investment of the Bolivian government, as full scale production at Salar de Uyuni would greatly increase global supply of lithium, which could have a downward effect on lithium prices. However, this might also be offset by the greater demand for lithium coming from the electric car market.
Bolivia's alternative model
The realisation of Bolivia's potential role in a new and sustainable economy led to a public debate in Bolivian media outlets about the role of the nation in this new industry. The need to be more than just the suppliers of raw materials has been stressed, and opinion pieces called for the building of a battery manufacturing plant in Bolivia. 55 An article from 2009 in the New York Times described the debate about lithium as having a clearly nationalistic tone.
The Bolivian government seems to have adopted these proposed positions and is actively attempting to develop an alternative development model. 56 The new Bolivian constitution, passed in 2009 and which gives significant autonomous rights to indigenous people, also declares that th natural resources of Bolivia belong to its people and must be administered by the state in their shared interest. According to Saúl Villega, head of a Comibol division, 'The previous imperialist model of exploitation of our natural resources will never be repeated in Bolivia'. http://www.eabolivia.com/politica/1010-la-planta-piloto-de-litio-en-uyuni-comenzara-a-operar-en-diciembre-con-controlsocial.html (20-12-10) & FM Bolivia, 'Planta piloto de litio tiene un avance del 90% y se alista a iniciar su producción', 22-10-10, http://www.fmbolivia.com.bo/noticia38905-planta-piloto-de-litio-tiene-un-avance-del-90-y-se-alista-a-iniciar-suproduccion.html (20-12-10). down two demands: the company would have to join a joint venture with the state as a minority partner and the companies would also have to invest in battery manufacturing plants. 58 Talks between the state-owned companies of South Korea and Bolivia were concluded in the summer of 2010 with a Memorandum of Understanding in which it was agreed that South Korea may participate in the extraction and manufacturing of Bolivian lithium in exchange for its expertise and financial support. 59 A few months later, Bolivia also signed a similar Memorandum with Iran which also included agreements around the supply of uranium, which were not further specified. 60 It should be noted that these MoUs can be interpreted as a way for Bolivia to avoid forma commitments, but to keep companies and governments interested.
Bolivia recognises that it will need the expertise and resources available in the private sector once it commences the industrialised production of lithium. However, negotiations on the participation of these companies seems to be difficult, which is indicated by the fact that Morales announced that 'no interested company meets our requirements', in October 2010. 
Domestic tensions
In the 1990s Bolivia came close to granting a 40-year concession to mine lithium at the Salar de Uyuni to the US-based Lithium Corporation (Lithco). 63 However, this resulted in heavy protests by the local population. Resistance from social movements in Potosí in the form of 'hunger strikes, road blockades and a general strike with no end' put pressure on the government not to sign the agreement. 64 As a result of the protests, Lithco had to abandon its concessions and moved to Argentina instead. Afterwards, interest for Bolivia's lithium waned but the question whether future extraction will benefit the people from Potosí is still very much alive. An analysis of Business News Americas in September 2009 showed that one of the hurdles for the development of a lithium industry in Bolivia is that the government needs to have the consent of the local population. 65 There is a range of conflicts that have already or are currently brewing on different levels and between different actors.
State vs. provinces
In early 2010 Morales outlined his policy for lithium extraction and manufacturing in a new law (Decreto Supremo 444), which declared lithium a strategic resource and extraction was therefore to be placed under a Bolivian Evaporative Resources state corporation based in La Paz. 66 In the weeks that followed the announcement of this decree, the Civic Committee of Potosí (Comcipo) protested because of the location of the headquarters of this new corporation and called for it to be moved to Potosí. Potosians resent being a 'milk cow' for the government in what they see as 'colonized relations'. 67 The protest was successful, and president Morales revoked the new law.
68
Comcipo proposed, as an alternative, to set up a body that would be 50% owned by the Bolivian state and 50% by the region of Potosí, and that would be placed under various different ministries, including the Ministry of Mines and the Ministry of Development.
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Another protest erupted in August 2010, when former supporters of president Morales voiced their objections to the centralist approach of the Bolivian government. The main cause of the protest was a border dispute with the neighbouring province of Oruro, regarding a region rich in natural resources, while the Comcipo also demanded that an international airport would be built in Potosí. 70 The committee organised road blocks and other forms of protest for 19 days, after which the governor of Potosí, a supporter of president Morales, reached an agreement with the federal government. Morales promised to develop the international airport, concluded the border dispute in favour of Potosí and agreed to the preservation of Cerro Rico, a mountain with a distinct coneshape that is endangered by silver-mining activities. 71 The border conflict between Potosí and Oruro could foreshadow the relations between these two provinces in coming years. While the Uyuni desert is located partially in Oruro, the extraction of lithium will only take place at the opposite side in Potosí. Until now, the province of Oruro has not appeared in the central government's plans to develop lithium extraction facilities. 72 The tensions can be illustrated by the different responses from local media after talks between civic groups of the two provinces; while newspapers from Oruro declared that they had found a compromise on the issue, newspapers from Potosí headlined that they did not give in to 'Oruro blackmail'.
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More recently, the governor of Oruro has also raised concerns that, with the revoking of Decree 444 and the commencement of industrialisation of lithium extraction in Potosí, his state might be left out of the benefits of the lithium extraction at Salar de Uyuni. 74 This seems to add another dimension to the tensions between the provinces of Potosí and Oruro and the federal government.
Locals vs. multinational companies
Another dimension of conflict that might become relevant for the lithium plans is the distrust and protest of the people of the region around Salar de Uyuni directed at multinational mining companies operating in the region. One conflict dates back to 2007, when Japanese Sumimoto came in to exploit the San Cristóbal silver and zinc mine, and promised electricity, roads and drinking water to the local population. Up to date, these promises have not been fulfilled, and instead the local farmers are suffering from the fact that the mine is using up all the water in the region. In March 2010, during the World Conference on Climate Change in Cochabamba, this resulted in protests and road blocks by the local population. Initially the protesters demanded that the company respect the environmental regulations, pay taxes for its water use and provide the promised infrastructure to the surrounding communities. As the protest developed, these demands changed into a call for full nationalisation of the mine, and the ousting of the multinational companies. 75 The road blocks lasted for 15 days after which the local representatives were invited to a round of talks regarding the functioning of the mine.
It is because of disputes such as the ones with Sumimoto and Lithco that local groups have publicly stated their support for a full nationalisation of lithium extraction, which would be for the benefit of local people as well as Bolivia as a whole. 76 It also makes clear that these groups are strongly opinionated and will only allow extraction to take place on their terms. Among others, these groups consist of farmers who farm around the borders of the Salar de Uyuni.
Locals vs. provinces
The farmers around the Uyuni have been amongst the most vocal critics of the lithium plans. They are organised in the Federacíon Regional Única de Trabajadores Campesinos del Altiplano Sud (FRUTCAS). Their main concerns deal with the infliction of the lithium plans into the already existing economy, which is mostly founded on farming and tourism. The evaporation ponds of the lithium production facilities will draw heavily on the already scare water resources. The farmers, who mostly grow quinoa, a grain-like crop, already face water shortages and fear that this will only get worse.
The tourism industry, which currently employs approximately 60,000 people, is also afraid that it might feel the consequences. The destruction of the natural beauty of the Salar caused by lithium mining operations could have devastating effects for tourism in the region. As lithium extraction is not labour intensive, illustrated by the fact that only 240 people are directly employed in lithium mining in Argentina, there is a clear need for additional benefits to the region.
FRUTCAS even organised counter protests against the protests of Comcipo in August 2010, as it felt the focus was too much on the development of the provincial capital of Potosí. They claim that the Comcipo wants the pilot plant to be constructed near the provincial capital, instead of near the Salar, and call for a distribution of profits along the southwestern regions of the province, rather than focused on the province's capital.
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The distribution of future revenues from lithium also continues to be disputed, with the county of Daniel Campos proposing different schemes than Comcipo or FRUTCAS. This country proposes that 40% of the revenue would go to them, while Comcipo proposes a model whereby all local benefits go through the capital of Potosí. At the same time, the federal government has proposed that only 5% of the revenues would go to the provincial level. Given these groups' proven willingness to protest, it seems that whatever scheme is eventually chosen, this will likely lead to further unrest.
Environmental challenges
In addition to the social and political tensions that have arisen due to the potential lithium boom, the mining and production of lithium itself can also create great environmental problems. The Democracy Center has written a paper in which it describes the possible effects of large scale lithium production on groundwater, flora and fauna and soil and air pollution. 79 The Democracy Center describes how both quinoa farmers and llama herders are facing the consequences of a drought that has been ongoing for three years. Current mining operations, for example the San Cristóbal mine, already put a huge drain on the available groundwater, and the future lithium production would only increase the demand for the already scarce sources. While Bolivian officials contend that water use will be minimal for the lithium operations, Democracy Center points out that the 'implications of industrial water use in a region facing such dangerous declines are substantial'.
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The depletion of groundwater sources could also have major effects on the flora and fauna that exist in the region. Salar de Uyuni is home to three of the six existing species of flamingos. The delta of the Rio Grande river forms a lagoon that attracts a wide range of other bird species. According to the Democracy Center 'All this could be thrown into environmental disarray by a large scale, water-using industrial project in the region'.
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The large quantities of chemicals needed in the industrial process of lithium production could also have devastating impacts on the region. Spills and emissions could impact surrounding communities and the ecosystem as a whole. The Democracy Center paper describes how existing lithium facilities in Chile have contaminated all surrounding waters with chemicals.
International relations
In addition to the domestic tensions and the environmental challenges that are arising from the large reserves of lithium and the potential revenues, Bolivia is also faced with several international tensions and disputes that might result from the lithium boom. Some of these tensions are preexisting and date back over 100 years ago, but might flare up again because of the lithium interests. 79 For a more detailed study of the potential consequences of lithium extraction on the basis of experiences from Argentina, 
Warm relations
Relations between Peru, Chile and Bolivia remain unstable, mostly due to the changing political colour of their respective presidents and various long standing disputes. For example, Peru and Chile are facing each other in a court case at the Court of Justice in The Hague because Peru is challenging the maritime territorial boundary with Chile, which mostly has an effect on fishing rights. 91 At other times, however, relations between the countries are better. In October 2010, leaders of Peru and Bolivia agreed that Bolivia could now also own property in the Peruvian harbour city of Ilo, in the south of Peru. Free access to the Peruvian coastline was already granted in 1992 but has not yet been used as this would require better infrastructure. 92 Peruvian politicians hope that free access for Bolivia will help boost local development. Public opinion towards neighbouring countries can be heart warming at times as well. When Morales visited Santiago last year, a manifestation of Chilean people demanded 'mar para Bolivia' (sea for Bolivia) in support of his efforts to convince Chile to concede land that gives access to the ocean.
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There are also plans to improve the infrastructure needed for export of raw materials or manufactured products such as batteries. A lot of options are being considered, including highways, canals and railroads to connect Bolivia to either the Pacific or the Atlantic Ocean. Bolivia is investing $750 million in an 'interoceanic corridor' linking the harbours of Puerto de Santos in Brazil with Arica, Chile through the southern provinces of Bolivia. 94 Chile has committed itself to investing in reconstruction of the railroads between Arica to La Paz making it ready for the transport of goods from and to the port. 95 Some of these ideas could be dependent on Bolivia's plans to industrialise the production of lithium.
Conclusions
The following conclusions can be drawn on the basis of this case study;
The lack of infrastructure and technical capabilities of the Bolivian government might prove to be too big a hurdle to overcome. The current interest in electric vehicles is likely to spike demand of lithium at a certain point, but it is unclear whether Bolivia will be able to produce in time to benefit from this spike. In that sense, Bolivia can be compared to a junior mining company, which has large known reserves, but still faces a long road before production can take place and a lot of uncertainties regarding the future benefits. One factor to consider is that lithium is not the fuel of the car, as oil is, but a raw material for one of its components. This means that lithium could be recycled at end-of-life of the vehicle, which might put a hamper on the global demand for newly mined lithium in the long term. Another factor that will come into play is market competition. Competitors, such as SQM in Chile, are known to manipulate prices in such a way that it discourages others to mine for lithium. For example, 90 D.J. Rothkopf, 'Is a green world a safer world? Not necessarily: a guide to the green geopolitical crises yet to come', Foreign Policy, 01-09-09. 91 The Hague Justice Portal, 'Maritime Dispute (Peru v. Chile)', initiated on 16-01-08, SQM announced a price cut of 20% for its lithium, shortly after Bolivia had announced its plans for industrialised lithium production. It is not unlikely that Bolivia's competitor will adopt similar strategies once Bolivia's production is really expected to go up. The alternative model that Bolivia is pursuing with its lithium -nationalising the extraction and developing domestic production of battery cells -is already under pressure from multinational companies and other parties, and this will likely increase in the future. There is a group of companies that is very interested in taking part in the extraction of lithium, but is very reluctant to meet the demands of the Bolivian government. It seems that even within the Bolivian government, there are forces that call for greater involvement of international companies. It remains to be seen whether the Morales government is able to see through its plans to the end. Companies involved in talks with the Bolivian government should refrain from improper corporate lobbying or other improper ways of influencing such sovereign decision making processes. The decisions regarding the extraction and industrialisation of lithium are sure to impact people in the region as has been the case in previous mining projects. Large-scale extraction requires a lot of water and this could have severe implications for farmers in the region. Any negative consequences are sure to result in protests as farmers have shown to be organised over the last years. If people do not see they benefit from the exploitation of natural resources in their region they will hold the government accountable, as has been the case with San Cristóbal. Companies and governments involved throughout the electric car supply chain should look closely into these developments, and should also weigh in the potential costs that their decisions might have on the people and environment around Salar de Uyuni. While overall relations with its neighbouring countries are generally warm and welcoming, this might change when the stakes are raised because of the lithium boom. It remains to be seen how much longer Chile is willing to respect an agreement, which is over a hundred years old, if it benefits its major competitor on the lithium market. While this is nothing more than speculation at the moment, the lithium game could have significant impacts on Bolivia's relations with its neighbouring countries. Again, this is a factor that needs to be taken into account by all players throughout the supply chain.
Case study: Battery manufacturing in China
The second case study in this report deals with a company that is active in the production phase of the electric car supply chain. This chapter describes the working conditions for employees of Build Your Dreams (BYD), the Chinese battery and car manufacturer.
This chapter is a general summary of findings from workers' interviews conducted by the Hong Kong based organisation Globalization Monitor. The field studies by Globalization Monitor were part of a larger research into battery production factories in China, which is published separately. Most of this chapter is based on information provided by employees of BYD, and this information is complemented with desk study into media and other reports about the factory and its conditions.
Workers were interviewed at three different facilities of BYD in Shenzhen in China; Pingshan (Headquarters), Baolong, and Kuichong. In addition to being the company's headquarters, the Pingshan facility is also a car manufacturing facility. The Baolong and Kuichong facilities produce batteries for consumer electronics, mostly mobile phones.
It should be noted that while BYD is one of the players that is presenting itself as a key player in the electric car market, it does not produce electric cars or batteries on a large scale yet. The findings described in this sector should therefore be interpreted as indications of BYD's overall handling of its employees, i.e. also in its other business segments, rather than evidence related specifically to the conditions of producing electric car batteries. However, the findings in this chapter do indicate that there are other concerns, besides the environmental benefits of the electric car, that need to be considered in this new industry. 
General corporate info
Build Your Dreams is a Chinese battery manufacturing company, listed at the Hong Kong stock exchange, and the company focuses on the electronics and automotive industry. It also recently created a New Energy division, which focuses on solar and other renewable energy generation technologies. 96 It is primarily a battery manufacturer, that produces rechargeable batteries for portable electronics, such as mobile phones and laptops, but also produces other mobile phone components and does assembly work.
According to the BYD's annual report in 2009 97 , the sales volume of their products reached 34.5 billion Yuan (€ 3.9 billion), and the total income was 39.4 billion Yuan (€ 4.5 billion), which was already six times higher than in 2005.
BYD has been active in the automotive industry since 2003. It produces both regular gasoline fuelled cars, such as its F3 model, as well as hybrid and fully electric vehicles. The company's hybrid car, the F3DM, has been available on the Chinese market for almost two years, and around 300 units have been sold. The electric model, e6, has not been released to the public yet, despite various previously announced release dates. BYD blames these delays on the lack of charging infrastructure in China. This is one of the reasons why the mass production of electric vehicles has also not yet taken off.
Mr. Wang Chuan Fu, the CEO of BYD has been openly lobbying for government subsidies for electric car manufacturing so as to lower the manufacturing cost and retail price of electric cars. For example, BYD made 30 electric-power taxis for Shenzhen, whose retail price is as expensive as 300,000 Yuan. Both the central government and the Shenzhen governments provide subsidies to taxi drivers, amounting to 120,000 Yuan.
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Copycat business model
BYD's business model has been described as a 'copycat'.
102 BYD spends huge sums of money every year to dismantle the latest model of rival manufacturers. Through a process of 'reversed engineering', the company then copies the production techniques to produce its own products. For example, BYD's best selling F3 model is almost a perfect copy of the Toyota Corolla car. This had led to BYD being described as an 'unwelcome buyer', who places one or two large orders at a supplier -e.g. a company supplying molding machines -after which the orders stop because BYD has produced its own equipment.
Working conditions
The same article also described how BYD's business model is dependent on hard manual labour rather than well-developed technical facilities. The company usually chooses manual labour over machines, and only supplements manual labour when absolutely necessary, mostly out of cost considerations. The company often hires both the manual labourers as well as the engineers in batches, and it often hires complete graduated university classes of engineers at the same time to meet its demand for skilled workers.
This business model has already led to controversy at some of its facilities. In India, where BYD has a large electronics battery manufacturing plant, 3,000 workers held a strike in October 2010 to demand higher wages and more job security. In response to the strike, the BYD management 'terminated the services of 2,500 contract workers, sacked 37 permanent workers, suspended 23 more and ordered 437 others to sign a letter of apology to jeep their jobs'. 103 The International
Metal Federation, and the international union LabourStart have denounced these actions and are calling on local Indian government to protect the rights of the BYD workers.
Salary
The workers interviewed by Globalization Monitor in Shenzhen indicated that they receive a monthly salary between 1,100 Yuan (€126) -which is the legal minimum wage in the region -and 1,800 (€206). In addition, the workers could be entitled to performance bonuses, up to a reported 500 Yuan (€57). These salaries are dependent on the amount of overtime that the workers work as well as production targets. Another problem is that the workers depend on the overtime work, and the additional pay that comes with it, in order to sustain themselves. However, overtime is not always required. For example, BYD slowed down production at the Pingshan factory in September 2010, when sales were down and stockpiles went up.
In one of the factories, workers were not informed how their salary was calculated, and were explicitly forbidden to discuss their salary levels with their co-workers.
Working hours
In all three factories, workers were required to work overtime, often as much as three to four hours per day, six days per week. When production targets are high, the eight hour shifts are changed into twelve hour shifts. Workers also often have to work at the weekends, leaving them with only two to four rest days per month.
Many of the workers have difficulties with these long working hours, which is also indicated by the fact that many choose to quit their job while still in their 3-month probation period. A difference seems to exist between the new, younger workers, who have more trouble adapting to these long regimes, and the older workers who are more accustomed to it.
Workers are assigned to work overtime by the employer, and are punished with salary deductions when they refuse to work overtime. If the workers choose not to work overtime, they need to apply for leave and the factory has to give its consent. Not applying for leave will result in salary deductions of up to 100 Yuan (€12) per day.
These practices are violations of the Chinese Labour Contract Law, which came into effect in 2008. This law stipulates that overtime hours may not exceed 36 hours per month. BYD's working regime often requires workers to work more overtime hours. Another violation is the fact that overtime work is mandatory. According to the Chinese Labour Contract Law, all forms of forced overtime work, including the deduction of salary when workers refuse overtime, are illegal.
Freedom of association
An underlying cause for the abovementioned issues is the lack of association and collective bargaining; a common issue at Chinese factories. None of the interviewed workers in either one of the three factories was aware of a functioning trade union at their factory, and none had ever turned to a trade union to solve labour disputes.
Occupational health and safety
All workers have to undergo a pre-enrolment health check, in accordance with the Chinese Occupational Disease Prevention Law. When job applicants are found to be infected with the Hepatitis B pathogen, they are refused employment. This is a violation of the Chinese Law for Employment Promotion, as well as the Regulations for Employment Services and Management, which both state that employers do not have the right to refuse an applicant on these grounds. Hepatitis B-pathogen carriers do not easily infect others, and refusing to hire on these grounds can therefore be considered as direct discrimination of Hepatitis B infected people.
While workers do receive on-site occupational training sessions that deal with the overall job tasks and responsibilities, these do not include health training regarding the handling of chemicals used in the production of batteries. The interviewed workers could not name the chemicals they are in contact with at the factory, and were not aware of the potential health risks involved.
Child labour and age discrimination
At two of the factories, BYD has an age restriction in place and does not, or is less likely to, hire employees over the age of 35. Only when there is an urgent need for new employees, for example when production targets are high or staff numbers are low, are these restrictions lifted. One of the factories hires workers between the ages of 16 and 40. While it is not illegal to hire minors between the ages of 16 and 18, they should be assigned to less strenuous and less dangerous tasks. Other than that, these workers are entitled to the same working conditions and salary schemes. This research showed no indications that BYD is violating these rules.
Social insurance
BYD has a positive record with regards to the social insurance it pays for its employees. At the Pingshan facility, workers indicate that the company allocates 100 Yuan (€12) of the workers' monthly salaries to social insurance schemes. While this contribution to social insurance is mandated by Chinese law, the company still seems to see this as a competitive advantage when recruiting workers, as it specifically mentions this fact in its job advertisements.
Maternity leave
The company is also quite flexible with regards to pregnant workers. Female workers who are pregnant are assigned easier tasks and are not required to accept overtime work. They are also given a three-month maternity leave after which they are able to return to their original positions.
Accommodation and meals
The company provides accommodation and meals for its workers at all three plants, but the evaluation of these services from the workers differ significantly between the factories. At the Baolong plant, workers are satisfied with their accommodation and meals, and indicate that there are no strict rules to abide by, and no real problems. At the Pingshan facility, the company provides accommodation that is five to seven times cheaper than similar housing outside of the factory compound and as a result almost all the workers choose to live at the factory accommodation.
There are curfews in place as well as additional costs for water and electricity dependant on actual use. Workers at this factory share a dormitory with five to seven other workers.
At the Kuichong plant, workers have complained about the conditions at the factory accommodation. Here, ten workers share a dormitory on average and the interviewed workers have complained about the dirtiness of these facilities, as well as the high theft rate. One worker indicated that his mobile phone was stolen from the dormitory, as well as his blanket.
Staff turnover and job satisfaction
One strong indication of the working conditions, and how satisfied workers are with them, is the staff turnover at the factories. At the Pingshan facility, staff turnover is relatively low as most of the workers are college graduates who expect to learn professional skills and technology. Another factor is that the auto industry is regarded as a high end industry that provides a bright future for them. Finally, some of the interviewed workers have admitted that their lack of social capital also inhibits them from changing jobs.
At the two other facilities, staff turnover is higher. At the Kuichong factory, the heavy work burden and long working hours are the main driver for this high staff turnover. One contextual factor that explains why workers are able to quit their jobs relatively easily is that this facility hires mostly young workers who were born after 1990. These workers are likely to come from one child families, and are therefore less of an economic burden to their families during periods when they do not have employment.
At the same facility, mention was made of a small strike that the workers held to call for better working conditions. Those involved in the strike met with management, but their demands were not met. After the meeting, the strikers recognised that they were not likely to succeed in their struggle against the company, and decided to terminate the strike and go back to work.
Recommendations and conclusion
On the basis of the workers' interviews, Globalization Monitor formulated the following recommendations towards the company. These recommendations should also be taken into account by business partners of BYD when implementing their supply chain responsibility policies, and by BYD's investors when making Socially Responsible Investment decisions.
Conclusions
This report shows that the environmental impact of the use of electric cars is but one of several sustainability impacts, especially when the full supply chain is taken into account. The findings described in this report complement previous findings of bad working conditions at production facilities in China, for example at electronic component manufacturers, and the conditions around mines where the needed minerals are sourced, for example cobalt mines in the Democratic Republic of Congo (DRC). These findings are signs of a troubling reality that includes grave damage done to people and the environment in the supply chain. All these issues need to be taken into account to be able to have a fruitful discussion about the costs and benefits of electric cars.
On the basis of the mapping exercise and the two case studies, the following general conclusions can be drawn:
The electric car is on the rise, and the fact that every large automotive company has developed, or is currently developing, electric models, is a sign that this trend is irreversible. While many factors for the success of the electric car are still uncertain, it is unlikely that those that shape the market -companies, regulators, governments -will change their course. The fact that the development of the electric car is taking place on multiple continents is also a sign that this is more than a niche trend. As the electric car market is still very much under development, the supply chain still needs to mature. This means that current players might be outcompeted in the future, while new actors will appear. It also means that it is currently too early to draw solid conclusions on the nature of the electric car supply chain and its eventual formation. It is clear, however, that the sustainability of the electric car goes beyond the environmental benefits during the use of the car. Most of the debates about the electric cars, however, limit themselves to that single element. The limited scope of the debate does not do justice to all the elements that need to be considered before electric cars are to be seen as more sustainable alternatives for gas-fuelled cars. Issues such as working conditions of labourers that produce electric car batteries, or the environmental and social impacts of large industrial mining of lithium and other natural resources, need to be taken into account as well.
This paper has attempted to gain insight into the social and environmental effects of the growing demand for electric cars. On the basis of the mapping exercise and the two case studies, the following effects are identified:
The development and the production of electric car batteries in China follow a classic labourintensive model. Contrary to other regions, such as the United States, the Chinese actors make use of less technology and rely more on cheap manual labour. The case study at BYD has uncovered a number of violations of national and international labour standards, while it should also be noted some other critical issues are handled properly. However, it can be argued that this labour-intensive model is very vulnerable to, and possibly even a structural cause of, labour violations. The sudden surge in interest for lithium as a raw material for electric car batteries is having large consequences for the political and social landscape of Bolivia. The pursuit of alternative economic models, the relations between local, regional and national representatives and Bolivia's relations with neighbouring countries are all impacted by the Conclusions 32 presence of large reserves of lithium. Many of these developments still need to be played out, and it is too early to say what the exact effects are. However, previous rushes for specific natural resources in other regions of the world, such as for gold or coltan, have exposed the potential danger of social and political unrest, or even civil war.
There is a clear need for continuous monitoring and future research into the developments of the supply chain of electric cars. An overarching approach to sustainability, that includes consideration for the social, labour and environmental effects throughout the supply chain, needs to be a determining factor in companies' business strategies, governments; choices regarding subsidies and other benefits for the electric car, and consumers' choices in purchasing their next car.
